Aluminum phosphide (AlP) poisoning is a major problem, accounting for many Emergency Unit visits and hospitalization with increasing incidence of AlP toxicity in the last few years. In spite of the progress achieved in the field of toxicology and associated therapies, AlP is still responsible for a high rate of mortality due to the rapid onset of life-threatening symptoms, ineffective treatment and inadequate data on the efficacy of therapeutic interventions.
patients have prompted the use of NAC as a therapeutic measure to replenish the glutathione. NAC also improved the hepatic manifestations and prevented hepatic necrosis.
The NAC also delayed the mortality latency time [9] .
This study was conducted to evaluate AlP toxicity among cases admitted to emergency unit of Assiut University Hospital and to prove the role of N-acetyl cysteine and adequate supportive measures in AlP management.
Methodology
A descriptive cross-sectional (prospective) study was 
Statistical Analysis
Statistical analysis was performed by SPSS, version 16. Statistical methods which were applied included descriptive statistics and chi-square test. A p-value less than 0.05 was considered significant.
Introduction
Aluminum phosphide (AlP) poisoning is a real medical emergency demanding early and adequate management. In spite of the progress achieved in the field of toxicology and associated therapies, AlP poisoning is still responsible for a high rate of mortality [1] . AlP has been used in pesticides for many years to protect grains in stores and during their transportation. The easy availability and low cost of AlP make it the most common means of suicide in Egypt with the increasing incidence of social and financial problems that face the youth. It is also known as "wheat pills" or "pest pills" [2] . It is available as dark brown or greyish 3 g tablets, under trade names such as Phostoxin, Bhostoxin, Quickphos, Phosphume and Phostek, releasing 1 g PH3 (Phosphin Gas) or as pellets 0.6 g, (Quickphos, Alphos and Cellphos) releasing 0.2 g of PH 3 [3] .
AlP has the potential to induce multi-organ failure, the major one being circulatory failure resulting in congestion and edema of most organs including, critically, the lungs [4] . In most cases, the diagnosis is based mainly on positive history of exposure, the presence of clinical features, and highly variable arrhythmias with shock and no previous history of cardiac disease [5] .
In management, the main objective is to provide effective oxygenation, ventilation and circulation till phosphine is excreted. All patients with severe AlP poisoning require continuous invasive hemodynamic monitoring and early resuscitation with fluid and vasoactive agents [6] .
N-acetyl cysteine (NAC), as an antioxidant and cytoprotective agent, reduces myocardial oxidative injury and increases survival time [7, 8] . Depletion of glutathione and evidence of free radical induced damage in AlP poisoned Supportive Measures in the Treatment of Aluminum Phosphide Poisoning as a Trial to Reduce Mortality at Assiut University Hospital, Egypt found that 28 patients ingested one tablet only. Eight patients ingested half a tablet, 6 persons ingested 2 tablets and 2 ingested 1/4 tablet. Forty patients were exposed to fresh tablets and only four exposed to old ones. The highest incidence (n=36; 81.8%) of the cases was suicidal and only 8 (18.2 %) were caused by accidental exposure. No homicidal cases were present in the studied group. Table-3 shows vital data including level of consciousness, pulse and blood pressure. Thirty patients were above grade 13 in the Glasgow Coma Scale (GCS), 8 were between grade 12 to 8, and 6 were less than grade 8. Tachycardia (pulse ≥100 beats/minute) at presentation was recorded in 14 patients and normal pulse at presentation in 12 cases. No palpable peripheral pulse due to shock was recorded in 10 cases and did not improve with treatment.
Vital Data Analysis

Results
In the period from 1st January to 30th June 2016, 44 patients diagnosed as AlP poisoning cases were admitted to the emergency unit of Assiut University Hospital. The number of cases that are reported at a tertiary care hospital is far less than the actual number of cases, especially in suicidal ingestions. This indicates a lack of awareness of hazards associated with this drug. Figure-1 shows that the survival rate increased with early presentation of patients to the hospital. ALT and AST activity was elevated in 20.5% of the cases, and elevated urea and creatinine was found in 31.8% of the cases.
Personal Data Analysis
Electrocardiographic (ECG) Findings
ECG was done in patients on admission and repeated every 4 hours. Positive findings included sinus tachycardia in 12 (27.3%) cases and S-T segment elevation and AF in four cases and ectopics in only two cases. 
a-Initial Evaluation and Resuscitation
90.9% of the admitted patients received intravenous
fluids and oxygen at the emergency unit in the form of saline and glucose (5%). Central venous pressure (CVP) was measured in 13.6% of the cases admitted in ICU. Vasopressor drugs like epinephrine and nor- epinephrine were given in 18.2% of the cases.
b-Decreasing the Absorption of AlP
Gastric lavage was done in 90.9% (40 patients) of the presented cases even with a long delay. Diluted potassium permanganate (1:10000) and 8.4% sodium bicarbonate were used. Activated charcoal was used in 54.5% of the cases after the lavage.
c-Organs support
Twenty (45.5 %) of the cases needed the infusion of an inotropic drug like dopamine to combat the refractory hypotension and cardiogenic shock. Antiarrhythmic drugs like amiodarone were used in only 6 (13.6%)
cases. Twelve (27.3%) patients needed endotracheal intubation at presentation, and 18 (40.9 %) patients needed bicarbonate infusion intravenously for correction of metabolic acidosis associated with AlP poisoning.
d-Other supportive therapy
N-acetyl cysteine was given orally to 28 (63.6%) of the admitted cases in conscious patients or through a nasogastric tube (120mg/kg).
Outcome of the Treatment
Mortality rate was 45.5%. The cause of death in aluminum phosphide poisoning was cardiac in all fatal cases in the form of cardiac arrhythmia and arrest not responding to CPR. with low pH at presentation and patients with normal pH at p < 0.01. The patients admitted to the hospital after a longer delay had a higher rate of fatal outcome than those with a shorter delay (p < 0.01) (Figure-1 ). 
Relation between different risk factors and death
ABG findings
Figures Figure 1-Survival analysis of patients according to delay (hours) .
Supportive In the current study males represented 63.6% of cases. 
Discussion
AlP poisoning is a major problem, accounting for many Emergency Unit visits and hospitalization. AlP is being used as a common outdoor and indoor pesticide in developing countries due to its various advantages as it is cheap, availablity, effective, free from toxic residue and does not affect seed viability [10] .
In the present study, 80% of the patients were in the age group from 18-30 years. The current results are in agreeAbdel-Hady et al. This is in agreement with the results reported by other authors [24, 25, 26] who considered that fresh tablets are more dangerous, as it has been showed that blood phosphine gas concentration is higher in shocked patients who took fresh tablets compared with those who ingested the powder form or old tablets.
In this study, the conscious level of more than 50% of poisoned cases at the time of presentation according to Glasgow Coma Scale (GCS) was more than 13. This may have been due to early presentation at the hospital. Also, Louriz et al. 2009 [13] reported the same findings. The depth of coma at presentation is considered one of the risk factors, as mentioned in the study of Sulaj et al. 2015 [15] .
Assessment of pulse showed that 27% of the cases had shock at presentation (no peripheral pulsation was palpable), and only in 4.5% of them the shock was corrected by treatment. On the other hand, 13.6% of the cases were normal at presentation but then became shocked. Tachycardia was observed in 31.8% of the cases. This was also reported by Siwach et al. 1998 [27] , who concluded that in the ini- bicarbonate level and ECG abnormalities were significantly poor prognostic factors [29] . In the current study, 2013 and Muhammad et al. 2015 [16, 17, 18] . This finding can be related to the higher incidence of more successful suicides in men. In accordance with the present results, Khodabandeh et al. 2014 [19] also suggests male-female ratio in favor of men.
Contrary to these results, Saha et al. 2014 [20] showed that females were predominant. Also, female patients constituted a slightly higher fraction of cases in the study of
Hassanian-Moghaddam and Pajoumand, 2007 [11] . The same was found in the study of Sulajet al. 2015 [15] in Albania.
Our study showed that 81.8% of patients were from rural areas as the use of AlP tablets in storage of seeds is more common in rural areas than urban [21] .
Patients in the present study showed a wide range in the delay of their presentation to the hospital which from varied one hour to 29 hours after ingestion. However, more than 50% of the patients were presented within the first two hours. This is an important factor in the outcome of the cases, as it gives better chance for decontamination of the gastric contents and decrease the amount of absorbed drug as reported by Anand et al. 2011 [22] , who stated that one of the most important factors which could help to improve survival is providing preliminary medical aid within 1/2 h to 1 h after AlP intake. This is in agreement with the present results, which show a significant difference in the rate of death between patients with short delay and patients with long delay. Also, Sulaj et al. 2015 [15] considered a long delay before treating the patient as one of the poor prognostic factors. However, Mathai and Bhanu, 2010 [23] showed no association between the delay time and the mortality.
The present study revealed that most of the patients were exposed to fresh tablets. There was a significant difference in the rate of death between patients poisoned by old tablets and patient poisoned by fresh tablets at p < 0.05.
This shows that fresh tablets are more toxic than old ones.
Supportive [17] . In another study in India by Louriz et al.
2009 [13] , elevated enzymes were more than three times higher than our findings. 31.8 % of cases showed elevation in urea and creatinine level in the present study, which is considered as a bad prognostic factor as there were significant differences in rate of death between patients with impaired renal functions and patients with normal renal function at p < 0.05. This is in agreement with the findings of Louriz et al. 2009 [13] , who reported that renal failure is considered a bad prognostic factor.
ECG done at presentation was normal in 63.6% of the cases; 27.3% showed sinus tachycardia, 4.5% showed S-T segment elevation and atrial fibrillation (AF), and 4.5%
showed ventricular ectopics. The incidence of ECG abnormalities reported in various studies are 45% [29, 16] , 65% [30] , 80% [31] and 50% [32] in phosphine gas poisoned patients. In the present study, there was a significant difference in rate of death between patients with normal ECG and different forms of arrhythmia at p<0.05. This finding is in concordance with previous studies such as [33, 34, 16] .
However, other studies such as Chugh et al. 1991a [32] reported no relationship between the ECG abnormalities and mortality in cases of AlP toxicity.
The study of Agrawal et al. 2015 [6] showed that all 
Conclusion
AlP poisoning needs more attention, as it is a potentially fatal toxin and till now there is no antidote. The last few years have witnessed an increased number of victims among the youth with AlP being used as a suicidal agent.
Supportive measures are vital in these patients and N-acetyl cysteine has a protective effect. Preventive action, including awareness raising campaigns about the hazards of AlP in society, is recommended.
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like amiodarone were used in 13.6% of the cases only. To prevent different types of organ failure, 27.3% of the cases needed endotracheal intubation and mechanical ventilation at presentation. 40.9 % of the cases needed bicarbonate infusion intravenously for correction of metabolic acidosis.
In the present study, NAC was given to 63.6% of the admitted cases orally in conscious patients or through a nasogastric tube (120mg /kg). There was a significant difference in the rate of death between patients treated with NAC and non-treated patients. NAC showed a protective effect whic is in aggrement with other studies [35, 36] . Also, in an experimental study on AlP poisoned rats by [7] , NAC reduced myocardial oxidative injury resulting in improved hemodynamics and prolonged survival time. In the study of Bhat and Kenchetty [36] , patients who received NAC had a lower mortality rate compared to those patients who did not receive NAC. Therefore, treatment with NAC, which is inexpensive and relatively safe, would be a viable treatment option for patients admitted with AlP tablets consumption.
The current study showed that a mortality rate of 45.5%. The survival rate of the remaining 54.5 % may have been due to ingestion of small doses, early presentation at hospital, and ingestion of old tablets. The cause of death in AlP poisoning was cardiac in all cases, in agreement with Taramsari et al. [16] . This can be explained based on the effect of pH 3 on the heart, which is multifactorial. Phosphine gas inhibits mitochondrial respiration results in myocardial energy depletion, similar to that which occurs with ischaemia. It also results in the generation of reactive oxygen species causing lipid peroxidation [2] . These effects can cause alterations in cardiac transmembrane action potentials leading to dysrhythmia, an ischaemia-like effect on metabolism and on the ECG, inducing focal areas of necrosis and cardiac failure [27] .
This mortality rate is similar to that reported by Louriz et al. 2009 and Soltaninejad et al. 2012b [13, 26] . Other
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